squamous cells, 32% of specimens were discarded as unfit for culture. Speedy processing and prompt telephone calls afforded opportunities to replace these with better specimens, but only 29% of rejected specimens were resubmitted. Interpretive readings of smears for microorganisms yielded meaningful information to clinicians and correctly predicted culture results in 73.8% of acceptable specimens. Technologist time was similar to that required to process the same number of specimens in the usual way, but rejection of unsatisfactory specimens led to a 22% saving in supplies. Clinicians readily accepted the new system. Where nurses are responsible for specimen collection, they must be informed of the rationale for selective culture and the unreliability of gross visual inspection in evaluating sputum.
The difficulties inherent in microbiological analysis of respiratory secretions have been repeatedly pointed out; yet available methods of minimizing these difficulties have not been implemented in most clinical laboratories. The chief problem, of course, is contamination by normal oral flora. Urine microbiology, beset by a similar problem, has been refined by (i) collection methods designed to circumvent contamination, such as bladder aspiration and catheterization, and (ii) development of numerical criteria for distinguishing, with acceptable chances of accuracy, between infected and contaminated specimens (6) . In analogy to the former approach, specimens collected by transtracheal aspiration and bronchoscopy, respectively, are credited with truly representing the compositions of respiratory secretions. However, numerical criteria, as exemplified by the urinary colony count, have not found an analogy in respiratory microbiology, although the disadvantages of invasive collection methods practically guarantee that expectorated sputum will continue to be the source of information for diagnosing bronchopulmonary infections.
The extent of the above problem was presented in some detail in a previous publication (4), together with a suggested approach, using microscopic examination, to evaluate and select specimens and insure optimal results from culture. An important finding in that study was that if specimens were to be evaluated by the criteria given, a very high proportion would be judged unsatisfactory and rejected for culture because of contamination by oral secretions. Implementation of this practice might well be hindered by the fear of objections on the part of clinicians. In the words of one professional (an anonymous reviewer), "the wholesale discarding of irreplaceable specimens ( MATERIALS AND METHODS Announcement and implementation. The decision to implement selective sputum microbiology was made after consultation with the Chairman of the Department of Medicine and the Pulmonary Specialist, who predicted eventual acceptance by the clinical staff, and with the Chief Pathologist, who felt that it represented an improvement in quality of service. Initially, the nursing service was not consulted or informed; this oversight led to some difficulty (see below), which was eventually corrected. An announcement was sent to the entire medical staff, with the following text.
Since clinicians rely on microbiologic reports to guide therapy of respiratory infections, it is incumbent on the laboratory to supply information that is not only accurate but also relevant and helpful. When saliva is submitted as sputum, it has no diagnostic value. In fact, considering the frequent colonization of hospitalized patients' mouths with Gram negative bacilli and yeasts, a positive culture may become the basis for treatment of a non-existent infection.
To avoid this kind of misinformation, all specimens labeled "sputum" will be screened for the relative numbers of squamous (oral) and inflammatory cells. Depending on the quality of the specimen, as thus determined, it will be either (a) cultured or (b) rejected and a better specimen requested. The latter will be done by telephone within 30 minutes of receipt in the laboratory so as to minimize the effect of treatment already begun and allow for special handling in any individual case requested by the physician. If repeated attempts fail to produce a good sputum specimen, diagnoses other than bacterial infection should be considered. Above all, it should be appreciated that, no matter how important the desired information is, it simply cannot be derived from an unsatisfactory specimen. (Sputum-saliva mixture for culture is not unlike hemolyzed blood for potassium determination; "pathogens" may be found but there is no telling where they came from.)
Since the number of polymorphonuclear cells is used as a criterion of specimen evaluation, the presence of severe neutropenia should be marked clearly on the request slip, so that special consideration can be given. The reporting of microscopic examination will also be improved, in that a tentative* identification of predominant organisms will be rendered. If no organisms appear predominant, the report will simply state "mixed bacteria" or "few or no bacteria." Complete listings of all morphologic entities will be discontinued.
* Encapsulated pneumococci can be identified definitively on microscopic examination, and reports will indicate this by stating "Quellung positive" or "Quellung negative."
We trust that these measures will improve the quality of sputum microbiology. Specimen processing. Specimens labeled "sputum" were processed according to principles previously described (4), with slight modifications, as shown in the flow diagram ( Fig. 1) . A Gram-stained smear was prepared from the most purulent or mucoid portion of the specimen and read under low-power (x 100) magnification within a maximum of 30 min of receipt in the laboratory. If the polymorphonuclear-squamous cell ratio was less than 10:1, the patient area was immediately notified by telephone, and the request slip was stamped: "Specimen consists mostly of saliva. Better specimen requested." Unless the physician specifically requested that it be cultured (an extremely rare event), the specimen was discarded; a charge was made only for a Gram stain. If the polymorphonuclearsquamous cell ratio was greater than 10:1, the specimen was accepted for culture, and the smear was further examined under oil (x1,000) for microorganisms. The findings were recorded as one of the following: (i) tentative identification of a predominant species, (ii) mixed organisms, (iii) few or no organisms. If predominant organisms were suspected of being pneumococci, a capsular swelling test with Omniserum (Statens Seruminstitut, Copenhagen, Denmark) was performed on the original specimen, and its result was reported together with that of the Gram stain. The contrast between the traditional method and our method of reporting microscopic findings is illustrated in Fig. 2 and Table 1 . Any predominant organisms found on the smear were specifically searched for in culture, as previously described (4) . All cultures were inoculated into 5% sheep blood agar, chocolate agar, and MacConkey agar and incubated overnight at 35°C in a carbon dioxide incubator.
Evaluation of system. Three aspects of the system were specifically evaluated: staff acceptance, effect on work load, and usefulness of the Gram stain interpretation. A log was kept of all specimens submitted as sputum. In it were recorded: (i) whether accepted or rejected, (ii) whether a new specimen was submitted within 24 h after the telephone call advising that the original specimen was being rejected, and (iii) comments by physicians, nurses, or clerks in response to the rejection call, indicating dissatisfaction with the decision. The difference in time required to process specimens by the conventional and the new method was estimated by using criteria developed by the College of American Pathologists (3). Finally, the microscopic findings of acceptable specimens were compared with the results of culture.
RESULTS
A review of the log book indicated that of 940 specimens submitted during the first 7 Telephone calls requesting better specimens were usually answered by clerks or nurses. Physicians were rarely involved directly, and their anticipated acceptance was borne out in practice. It was not uncommon for a nurse, however, to be incredulous, insisting that she had seen the specimen herself and "could tell that it was sputum." Gross examination in the laboratory of specimens judged microscopically to be mostly saliva revealed the cause for this misconception, for such nonsputum specimens were sometimes viscous or tenacious and had varying amounts of particulate matter suspended in them (Fig. 3 ). An in-service demonstration session devoted to this issue led to better understanding.
The time spent in processing the 940 specimens under the new system was almost identical with that required under the conventional system (Table 2) . (Using the same work load criteria and assuming that 25% of the rejected specimens are replaced by new ones, it can be calculated that the "critical" rejection rate is approximately 22%. That is, if a lower proportion is rejected, the time spent will be more than when all are cultured without selection; with a rejection rate greater than 22%, time will be saved. In both directions, the time differential increases as rejection rates diverge further from this critical value.)
In comparing smear interpretations with culture results, growth of a putative pathogen was defined as positive only when "moderate" or "heavy" in quantity; that is, colonies were recognizable on secondary streaks when plates were inoculated by a standard technique (5) . Growth so sparse as to be visible only in primary streaks was counted as negative. Comparisons were made for the first 500 specimens cultured (Table  3) . Correct predictions were achieved in 369 (73.8%), including 84 putative bacterial pathogens, 5 yeasts, and 280 instances of normal flora. Predicted pathogens not borne out by culture ("false-positive") totaled 43 (8.6%), whereas positive cultures not predicted by smear examination ("false-negative") totaled 88 (17.6%). DISCUSSION The principles and criteria for selective sputum microbiology, that is, rejection of specimens consisting mostly of saliva, have been described in previous publications (2, 4, 7). (Our use of a 10:1 polymorphonuclear-squamous cell ratio to distinguish between acceptable and unacceptable specimens, rather than 20:1 (4), was a compromise which resulted in rejection of only half as many specimens. The compromise was not necessarily wise.) We have also presented our rationale for interpreting rather than simply reading sputum smears, feeling that this increases their usefulness to both physicians and technologists (4). Our purpose here is to present our experience with the practical application of these principles.
Physician and nurse acceptance. Although we were prepared to meet objections from physicians to the frequent rejection (onethird) of specimens submitted as sputum, these objections did not materialize. On the contrary, those physicians who expressed an opinion felt that the system was logical and would increase the value of our laboratory service. The nurses, however, did occasionally object, possibly because they were Effect on laboratory work load. Work load is increased by (i) routine low-power microscopic examination of all specimens, (ii) the necessity to examine each specimen immediately on arrival rather than "batching," (iii) telephone calls A I.
. I 3 for all unacceptable specimens, and (iv) processing of second (and subsequent) specimens to replace those rejected. It is decreased by (i) reducing the total number of specimens submitted to high-power microscopic examination and cultures, and (ii) an abbreviated method of reporting results of microscopic examination (Table 1). The time differential can be roughly calculated as shown in Table 2 . According to this calculation, the gains and losses in time almost cancel out. However, since no cultures were ever done on 209 of 940 (22%) specimens submitted, there was considerable saving in supplies. The projected annual saving at Mercy Catholic Medical Center is approximately $1,500, but this figure is subject to variation with specimen volume, rejection rate, and supply costs.
Predictive value of Gram-stained smear. In our previous study (4), we found that the culture usually confirmed the smear findings when the technologist knew specifically what to look for ("directed culture"). In this respect, our results in actual practice, as distinct from the study situation, were somewhat disappointing, since cultures were nonconfirmatory in 8.6% of total specimens and 32.6% (43/132) of those in which excessive organisms of a specific kind were seen on smear. This may represent inaccurate smear interpretation, due to inexperience or insecurity in a method more demanding than that which the technologists had been trained in; alternatively, organisms correctly identified on the smear may have been missed in culture. The latter possibility is suggested particularly by the poor recovery rate of pneumococci (7 cultured The person who submitted this specimen "could tell" that it was sputum, because ofits tenacity and cloudiness (a). However, its cellular composition clearly showed that it was heavily contaminated with saliva (b) (original magnification, X100). Both smear (c) (original magnification, xl1,OO) and culture revealed an abundance ofyeasts, whose most likely origin in the mouth can only be appreciated from the smear. Although far from ideal, a combined falsepositive and false-negative rate of 24.2% is not necessarily cause for concern, since even an interpretive analysis of a smear is recognized as tentative. More important is the fact that the microscopic examination was interpreted correctly in 73.8% of specimens (if it is conceded that the 32% rejected specimens all reflect "correct" smear interpretation, the overall performance of the microscopic examination is 82% [(73.8 x 0.68) + (32 x 1.00)]), a considerable improvement over the conventional reading of smears, which seldom gives any information of value.
Conclusion. Our experience shows that a clinician will accept a microbiologist's judgment that a specimen heavily contaminated with saliva should not be cultured as sputum. We favor our criteria over those of Murray and Washington (7) because ours are independent of thickness of the smear. However, further work should be done to define in a universally acceptable way how to quantitate salivary contamination and how much constitutes grounds for rejection. There is certainly no justification for continuing to waste money and effort in the pursuit of misleading information.
Microscopic examination is generally underutilized, possibly because reports rendered in the conventional manner are not helpful. Tentative identification of possible pathogens or a statement to the effect that no organisms predominate not only can be used to guide early therapy but will also be confirmed in culture three times out of four. Since there is little prospect of routinely replacing expectorated sputum as the source of microbiological diagnosis, efforts should be continued to make its examination as meaningful as possible.
